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anhydrides are equal in their reactivity regard- 
less of their optical activity. 

In addition, it has also been found that no 
40 isomerization or raccmization occurs in the 
course of that method of polymerization. 

Therefore, according to the method of poly- 
merization mentioned above, poly-L-amino 
acid is obtained from N-carboxv-L-arnino acid 



ponding compounds by the formerly known 
method 

For practicing this invention, all N-carboxy- 
a-amino acid anhydrides containing at least 
one asymmetric carbon atom are suitable. That 
is to say, N-carboxy-amino acid anhydrides 
made from neutral amino acids such as 
alanine, leucine, nor-valine, isoleucine and <x- 
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We, Asahi Kasei Kogyo Kabushiki 
KaishAj a Corporation organised under the 
Laws of Japan, of 254 Dojimahamadori-1- 
chome, Kita-ku, Osaka, Japan, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

This invention relates to a process for the 
polymerization of N-carboxy^arnino acid 
anhydrides. 

It is well known that N^arboxy-amino acid 
anhydrides, especially N-carboxy^amino acid 
anhydrides in the presence of suitable initiators 
such as water, alcohols or amines, undergo 
polymerization with the loss of carbon dioxide 
to form polypeptides of high molecular weight. 

We have already found that N-carboxy 
amino acid anhydrides are polymerized using 
as initiator organometaliic compounds such as 
some new classes of compounds containing 
both metal atoms and organic radicals, metal 
alkoxides and metal chelates to give high 
molecular weight polyainino acids (British 
Patent Application No: 25231/63, Serial 
No. 996,760). It has also been found 
that cetrain organometaliic compounds in the 
presence of water or alcohol or in the presence 
of their reaction products with water or alco- 
hol, show greater ability of initiating poly- 
merization. 

That method of polymerization can be 
applied not only to the optically active amino 
acids but also to racemic or optically inactive 
arnino acids, since N-carboxy-amino acid 
anhydrides are equal in their reactivity regard- 
less of their optical activity. 

In addition, it has also been found that no 
isomerization or racemization occurs in the 
course of that method of polymerization. 

Therefore, according to the method of poly- 
merization mentioned above, poly-I^amino 
acid is obtained from N-carboxy-L-amino acid 



anhydride, and poly-DL-amino acid (racemic, 
optically inactive) can be obtained from N- 
carboxy-DL-(raceinic) amino acid anhydride. 

We have developed this method further, 
and have found a method of stereospecific 
polymerization which, for example, enables 
optically active polyamino acids to be obtained 
from N-carboxy optically inactive racemic 
amino acid anhydrides. 

The method according to this invention 
comprises polymerizing N-carboxy^amino 
acid anhydrides containing at least one asyn> 
metric carbon atom in the presence of an 
organic compound having an asymmetric 
carbon atom and active hydrogen atom (which 
includes enolizable hydrogen) and an organo- 
metaliic compound containing a metal of 
Group I, II or III of the Periodic Table, or 
simply in the presence of such an organo- 
metaliic compound which contains an asym- 
metric carbon atom 1 . 

This method is a stereospecific polymeriza- 
tion with respect to the asymmetric carbon 
atom or atoms of the starting N-carhoxy-tf- 
amino acid anhydride, and can be used to 
produce either polymers which are optically 
active, whether or not the starting N-carboxy- 
ct-amino acid anhydride is itself optically 
active or is a racemic mixture of isomers, or 
polymers which are optically inactive but 
which have properties different from and 
superior to those of the corresponding random 
optically inactive polymers. The method can 
be used in the manufacture of products such 
as fibres or films having improved properties 
which cannot be obtained from the corres- 
ponding compounds by the formerly known 
method 

For practicing this invention, all N-carboxy- 
o-amino acid anhydrides containing at least 
one asymmetric carbon atom are suitable. That 
is to say, N-carboxy-amino acid anhydrides 
made from neutral arnino acids such as 
alanine, leucine, nor-valine, isoleucine and' 
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phenylalanine; <D-esters of N-carboxy-aridic 
amino add anhydrides such as aspartic acid 
and glutamic acid; and N-carboxy-amino acid 
anhydrides whose amino groups, carboxyl 

5 groups, Jiydroxyl groups or thiol group are 
masked, such as O-benzyl serine, O-acetyl 
serine, O-acetyl threonine, e-acetyl lysine, e- 
carbobenzoxy lysine, 8-acetyl ornithine and 
methionine, can all be utilized. Besides, a mix- 

10 ture of any two or more of these compounds 
can be used. 

The catalysts of this invention are as 
follows: 

(I) an organomeallic compound having an 
15 asymmetric carbon atom, and represented by 
the following general formula: 

MR^KL or LiAlR 4 _pH P 

(wherein M represents a metal of Groups I, 
II or III of the Periodic Table; R, which 

20 may be the same or different, represents an 
organic group having an asymmetric carbon 
atom, i.e. an alkyl, alkenyi, cycloalkyl, cyclo- 
alkenyl, aralkyl, alkoxy, cycloalkoxy, aryl- 
alkoxy, aryloxy, dialkyl amino, alkylarylarnino, 

25 alkylthio, cydoalkyl thio or acyloxy group 
having an asymmetric carbon; n represents the 
valency of the metal, being 1, 2 or 3; vi 
represents 0, 1 or 2; and p represents 0, 1, 2 
or 3 or 

30 (II) an organometallic compound having the 
general formula: 

MRa-mHax or LiAlR 4 _pHp 

(wherein M represents a metal of Groups I, 
II or III of the Periodic Table; R, which 



may be the same or different, represents an 35 
organic group, i.e. an alkyl, alkenyl, cyclo- 
alkyl, cycloalkenyl, aralkyl, alkoxy, cyclo- 
alkoxy, arylalkoxy, aryloxy, ctfaltylamino, 
alkyl aryl amino, alkylthio, cycloalkylthio or 
acyloxy group; n represents the valency of 40 
the metal, being 1, 2 or 3; to represents 0, 1 
or 2; and p represents 0, 1, 2 or 3), and an 
organic compound having both an active hydro- 
gen atom and an asymmetric carbon atom 
which have at least some interaction with 45 
above-mentioned organometallic compounds 
which are also present in the polymerization 
system. 

Thus, in the case (I) an organometallic 
compound, which contains an asymmetric 50 
carbon atom and which may or may not be 
optically active is used as the catalyst 
whereas in the case (II) an ordinary organo- 
metallic compound, which need neither be 
optically active nor contain an asymmetric 55 
carbon atom and an organic compound having 
both an active hydrogen atom and an asym- 
metric carbon atom and which may or may 
not be optically active, are both present in 
the polymerization system. 60 

If desired to obtain optically active poly- 
amino add it is necessary to employ an optic- 
ally active substance in both cases (I) and (II), 
but if it is simply desired to obtain a poly- 
amino acid with improved properties, an optic- 65 
ally inactive compound (e.g. an equimolecular 
compound or mixture of D- and L-isomers) 
can be utilized so long as it contains an asym- 
metric carbon atom. 

This method is schematically illustrated as 70 
follows: 



DL-amino acid NCA 
(racemic) 



Opitcally active catalyst 
© or e 

(A) > 



optically inactive but asymmetric 
carbon-containing catalyst § 



(B) racemic 

The differences in properties between the 
optically inactive polyamino acid so obtained 
75 and optically inactive polyamino acid obtained 
by the conventional method will be described 
below. 

The oblaining of optically inactive poly- 
amino acid by means of the method (A) means 
80 that the total optical rotary power of a nearly 
100% polymerized polymer is zero or nearly 
zero, while other properties are nearly or quite 
. identical with those of optically active poly- 
amino acid obtained according to the same 
85 method 

Method (B) is the more convenient and 
favourable one, in which both the reaction due 
to © catalyst &nd the reaction due to G 



optically acive 
polyamino acid 
© or e 
and optically 
inactive 
polyamino acid 
optically 
inactive poly- 
amino acid 

catalyst take place simultaneously and equi- 
molecularly. 90 

Optically active organometallic compounds 
can be obtained by reaction between metals 
or organometallic compounds and optically 
active substances. 

In the case of optically active substances, 95 
either enantiomorphic isomer can be utilized. 

The organic compounds containing an 
asymmetric carbon atom are, as described 
before, the compounds which have at least 
some interaction with the selected organo- 100 
metallic compound (for example to react there- 
with or to form complexes) and are preferably 
bulky ones having an asymmetric carbon atom 
as near to the functional group which reacts 
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be zero or very close to zero when the poly- 
merization is effected completely and' the whole 
quantity of N-carboxy-DL-amino acid anhy- 
dride is converted into polyamino acid 

5 When the polymerization is carrred out 
using racemic compounds, the polyarnino acid 
obtained exhibits no optical rotatory power, 
but it is apparent that the polymerization is 
essentially the same as one carried out using 

10 the corresponding optically active compounds 
because the polymer obtained is identical, ex- 
cept in optical properties, with that obtained 
by complete polymerization by means of an 
optically active catalyst and is. different from a 

15 polymer obtained by conventional means using 
a catalyst which does not contain an asym- 
metric carbon atom, for example tri-n-butyl- 
amine. 

The amount of orgnometallic compound 
20 used is usually within a range from O.0O1 to 
10 (mole) preferably from 0.01 to 5 (mole) 
based on the N-carboxy amino acid anhy- 
dride to be polymerized. In a case in which 
an optically active or racemic organic com- 

n.N-carboxy-DL-o- 
amino acid anhydride 

In the above formula: 
50 ± catalyst = racemic catalyst 

«f or - catalyst = levorotatory or dextro- 
rotatory (optically active) 
catalyst 

Ln, D a = d and 1 amino acid 

" residue 

In addition, as the absorption band at 1270 
cm 1 in the IR spectra of polyalanine is 
attributed to its a-helix structure, the charac- 
teristics of this method can be found in the 

60 variation of this band. That is to say, for poly- 
DL-alanine obtained using conventional tri-n- 
butylarnine, an absorption band at 1240 cm"" 1 
which is assigned to the random coil structure 
can be found, but the a-helix absorption band 

65 resulting from stereoregularity cannot be 
found. ^ On the other hand by the method 
according to this invention, an absorption at 
1270 cm 1 can be recognized as in the case 
of polv-L-alanine. 

'0 Besides, the solubility of polyarnino acid in 
some solvents is said to reflect the regularity 
in structure. For example, poly-DL-alanine 
obtained by the usual methods dissolves or 
swells in water, and dissolves in formic acid. 

75 On the other hand, poly-L-alanine or poly-D- 
alanine are insoluble "in water and also in 
formic acid, and poly-alanine obtained from 
N - carboxy - DL - alanine anhydride by the 
method according to this invention is insoluble 

80 in formic add. 

These facts have been observed also in the 
cases of other amino acids such as poly- 
aspartate and polyglutamate, and verified in 
respect of many catalyst systems containing 

85 asymmetric carbon. 



pound is also employed, there are no limita- 29 
tions to the amount of such organic com- 
pound, but it is preferably to use more than 
0.3 mole % based on the amount of organo- 
metallic compound employed. 

Generally speaking, the polymerization is 30 
carried out under reduced pressure or atmo- 
spheric pressure or an augmented pressure in 
an inert gas atmosphere. Though there are no 
special limitations as to the temperature of 
polymerization, it is usually carried out in a S5 
range between -20°C. and 150 o C. usually 
0° to 60°C 

The properties of polyamino acids obtained 
by the method of this invention will now be 
described. 40 

In carrying out this invention, N-carboxy- 
DL-amino acid anhydride undergoes asym- 
metric-selective polymerization, in an ideal 
case according to the following formula, and 
forms a mixture of d-d-sequence rich poly- 45 
amino acid and 1-1-sequence rich polyarnino 
acid respectively: 



=t catalyst 

> D„ + L» 

+ or - catalyst 

The methods of obtaining optically active 
polyamino acid from racemic amino acid using 
optically active catalyst, and the results thereof, 
will be readily understood from the examples 
described later. 90 

If the polymerization is not carried out 
completely but interrupted on the way, either 
one or the other enantiomorphic isomer 
aquires priority and enters the polymer first 
on account of the stereo-sdectrvity (specificty) 95 
of the catalyst system, and therefore a polymer 
consisting of either one or the other enantio- 
morphic isomer is obtained. But in fact a 
complete stereospecific polymerization can 
hardly "be said to occur, and the obtained 100 
polymers, judging from their solubilities, can 
hardly be said to be exclusively poly-L-arnino 
add or poly-D-amino acid. Presumably in a 
chain there will be statistical contaminations 
by enantiomorphic isomer of the other type, 105 
the net unbalance of asymmetric carbon atoms 
in the polymer and of polymer helices being 
observed as the optical rotatory power, and as 
the result optically active polyamino acid is 
obtained from racemic amino acid. But the no 
difference between "D" and "L" in the total 
product decreases with the development of 
polymerization, and finally no optical activity 
is shown in a completely polymerized system. 
Nevertheless this polymer is essentially 115 
different from random polyamino add. 

In a case of optically inactive catalyst con- 
laining asymmetric carbon, simultaneous selec- 
tive asymmetric polymerization occurs by 
means of both enantiomorphic isomers of 120 
optically active catalyst. In this case rotatory 
power of the polymer cannot be detected, but 
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or interacts with organometaUic compounds as 

^Tne^preferred organometallic compounds 
include methyl lithium, emyUitnium, n : propyl 
5 Uthxum, isopropyl lithium, n-butyl lithium, 
sec-butyl Hthium, tert-butyl Uthium, isobutyl 
lithium, isoamyl Hthium, cyclohexyl lithium, 
cis-propenyl lithium, isobutenyl lithium, phenyl 
Hthium, o-tolyl Hthium, s^anisyl Hthium, p- 
10 ethoxyphenyl Hthium, p-dimethylaminophenyl 
Hthium, 2-thienyl Hthium, naphthyl lithium, 
pyridyl Hthium, lithium methoxide, hthium 
ethoxide, Hthium butoxide, n-butyl sodium, 
amylsodium, sodium methoxide, sodium sec- 
15 butoxide, potassium methoxide, potassium 
butoxide, potassium isopropoxide, potassium 
cydohexylate, diethyl berylHum, dusopropyi 
beryUium, isopropyl berylHum hydride, di-n- 
butyl berylHum, dimethyl magnesium, diethyl 
20 magnesium, diphenyl magnesium, bis(tn- 
phenylmethyl)magnesium, magnesium methyl- 
ate, magnesium phenolate, diethyl calcium, 
diethyl strontium, dimethyl zinc, diethyl zinc, 
zinc ethoxide, di-n-propyl zinc, diphenyl zinc, 
25 diethyl cadmium, di-n-butyl cadmium, tn- 
methyl aluminium, triethyl aluminium, tn-n- 
propyl aluminium, triisopropyl aluminium, 
triphenyl aluminium, dimethyl aluminium 
hydride, diethyl aluminium hydride, aluminium 
30 trimethoxide, aluminium triethoxide, alu- 
minium triisopropoxide, dimethyl aluminium, 
dimethyl aluminium amide, dimethyl alu- 
minium methvl mercaptide, Hthium tetra- 
phenyi aluminium, lithium aluminium tetra- 
« methoxide, triethyl gallium, triphenyl gallium, 
dimethyl galHum amide and dimethyl gallium 
methoxide. . 

The preferred organic compounds having an 
asymmetric carbon atom which are used with 
40 the organometallic compounds include sec- 
butyl alcohol, active amy! alcohols, methyl 
vinvl carbinol, ethylethyleneglycol, 1.2- 
pentanediol, a-phenyl ethyl alcohol, «-methyl- 
o-phenylbutylalcohol, menthol, bomeol, hnalol, 
45 methylethylketone, phenyl benzyl alcohol, cr 
methyl cyclohcxanol, p-methyl benzyl ketone, 
sec-butylether, .a-methyl cyclohexanone, dnso- 
amylether, menthol methyl ether, bomeol 
ethylether, «-methyl propionaldehyde, <x- 
50 methyl-butyraldehyde, . ^-hydroxy butyralde- 
hyde, acetoacetic aldehyde, lactic acid, pantoic 
acid oxy-glutaric acid, methyl succinic acid, 
tartaric acid, methyl ethyl acetic acid, methyl 
acetoacetate, ethyl lactate, methyl lactate, 
55 lactide, diethyl tartrate, pantolactone, menthyl 
saHcylate, mandeHc acid, mandeHc acid esters, 
bornyl acetoacetate, dimenthyl malonate, 
menthyl cyanoacetate, dnchonine, cinchonidine, 
camphor, nicotine, alanine, phenyl alanine, 
60 aspartic acid phenyl alanine ether ester, N- 
acetyithreonine, menthyl cyancacetate, cyano- 
hydrins, mandelonitrile, propyleneoxide, 
amylene oxide, glycidol, 2.3-epoxypentane, 
23-epoxybutane, sec-butyl mercaptan, active 



amyl mercaptan, sec-butylamme, 2-methyl- 65 
butylamine and di-sec-burylamine. 

Organometallic compounds having an asym- 
metric carbon atom can be prepared by react- 
ing the above-described organometallic com- 
pounds or metals of Groups I, II or III of 70 
die Periodic Table with the above-described 
organic compounds having an asymmetric 
carbon atom. Examples of organometaUic 
compounds having asymmetric carbon atom 
are active amyl lithium, di-active amyl zinc, 75 
triactive amyl aluminium (i.e. compounds con- 
taining, respectively, one, two and three opac- 
aly active amvl groups bonded to the metal 
atom), sec-butyl lithium, di-sec-butyl zinc, 
Hthium - sec - butylate, aluminium - tn - sec- 80 
butylate, aluminium - tri - (2 - methylbutyl), 
aluminium monoethyl dimenthylate, zinc 
monoethyl - n - phenylethylate, lithium -or 
phenylethyl, zinc - di - a - phenylethyl, 
dimethyl aluminium - sec - butylmercaptide, 85 
dimethyl aluminium active amyl mercaptide, 
dimethyl aluminium - (di - sec - butyl) - amide, 
aluminium tri-menthylate, lithium-na-phenyt- 
ethylate, sec-butylborate and zinc-m-bornylate. 

The method according to this invention is 90 
carried out by a technique nearly the same 
as the usual method of polymerization of N- 
carboxyaminoacid anhydrides. The polymeri- 
zation is carried out in a solvent. There are 
no Hmitations on the solvents used, and any 
liquid that does not interfere with the poly- 
merization by reacting with N-carboxy-ammo 
acid anhydrides or organometaUic compounds 
can be used; therefore ethers, ketones, esters, 
nitriles, amides, sulphoxides, hydrocarbons and iw 
halogenated hydrocarbons can be utilized; for 
example, it is especially convenient to use one 
or a mixture of two or more of the foHowing: 
dioxane, tetrahydrofurane, methylethylketone, 
ethyl acetate, acetonitrile, N,N-dimethyl form- 105 
amide, dimethylsulphoxide, benzene, toluene, 
chloroform, dichloroethane and tetrachloro- 
ethane. 

In addition, optically active or racemic com- 
pounds as mentioned above may be used as 110 
the solvent, separately or mixed with any of 
the solvents above mentioned, and this is 
advantageous in some cases. 

As described above, when N-carboxy-DL- 
amino acid anhydride is polymerized by means 115 
of an optically active organometallic compound 
or a combination of an organometaUic com- 
pound and an optically active organic cop- 
pound, stereospeciflc polymerization is carried 
out and consequently opticaUy active poly- 120 
amino acid can be obtained. Put in this case, _ 
for example, dextro-polyamino add is not 
necessarily obtained from the dextra-compound 
because whether the polymer is dextrorotatory 
(Mi>>0) or levorotatory (Md<0) partly 125 
depends on the optical rotation of the optically 
active compound and the solvent used. 
Besides, the total optical rotary power will 
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in the X-ray diffraction pattern and IR spectra 
of the polymer and in the properties of fibres 
obtained from this polymer a distinct differ- 
ence can be recognized. 

5 For example, poly-L-alanine shows a clear 
diffraction pattern at 20 = 11.5°, but poly- 
DL-alanine polymerized by tri-n-butyl amine 
scarcely shows a detectable pattern at 20 = 
11.5°. In the case of poly-DL-alanine ob- 

10 tained -by the method according to this inven- 
tion (Examples 1— B and 1— C) a clear pat- 
tern can be be observed at 20 = 11.5°. 

The method according to this invention has 
been so far explained for the case of racemic, 

15 that is to say, optically inactive, amino acids, 
but this method can also be applied in a similar 
manner to partly resolved amino acids which 
show optical activity, and satisfactory results 
can be obtained. 

20 Polyamino acid polymerized from N- 
carboxy-DL-amino acid according to the 



method described above also shows special 
characteristics in its physical properties on 
account of the difference in the content of 
stereosequence compared with polyamino acid 25 
obtained by the already known method Fibres 
made from polyamino acid obtained by the 
present method exhibit superior tensile 
strength, and durability against chemicals and 
heat, compared with fibres made from random 30 
polyamino acid manufactured by the usual 
methods. 

Example 1 
2.0 g samples of DL-alanine N-caiboxy 
anhydride are dissolved in 50 cc of a mixture 35 
of anhydrous benzene and dioxane (4:1 in 
vol.), and are polymerized for 48 hours at 
15°C. in a nitrogen-substituted glass ampoule, 
using various catalyst systems. The product 
obtained is treated with ether, extracted with 40 
hot methanol, and then dried under a reduced 
pressure. The results are shown in Table 1. 



No. 


Catalyst system 


Cone. (Catalyst/monomer 
in moles) 


1— A 


tri-n-butyl amine 


1/50 


1— B 


aluminium-ethyl di-1- 
methylate (*) 


1/50 


1-C 


f aluminium triethyl (+) 
[menthol (— ) 


1/50 
2/50 


1— D 


alnminium triethyl 


1/50 



(*) obtained by reaching aluminium triethyl and menthol 
(-) in benzene 

(+) both catalysts are dissolved in benzene and added to the 
N-carboxy anhydride solution simultaneously. 

Table 1 



No. 


Polymer 
yield 
(%) 


Reduced viscosity 
of polymer (*) 


IR 

spectra 


Solubility 
in formic 
acid 


Wd 25 


1— A 


80 


0.52(0.56) 


1240 cm- 1 


soluble 


none 


1— B 


25 


0.30(0.58) 


1270 


insoluble 


-2.0 


1-C 


28 


0.42 


1272 


insoluble 


-2.2 


1— D 


32 


0.32 


1240 


swelling 


none 



(*) reduced viscosity measured at 25°C. in a concentration of 1 .0 g/100 cc of dichloro- 
acetic acid; me values in brackets are the results obtained in trifluoroacetic acid at the 
same concentration. 

[<x]d 25 is measured in dichloroacetic acid at 25 °C 
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Example 2 — 5 The results are shown in the following Table 

DL-alanine N-carboxy anhydride is poly- II. 5 
merized in a similar manner as in Example 1. 

Table 2 

Initiator/ 

monomer Yield IR 
No. Solvent Initiator in mole (%) -/jsp/c spectra [ajo* 5 



© 

2 benzene (±) O - w ~ °b V 50 96 °' 81 

OLi 



1270 cm- 1 — 
1240 



ZnEt,, (ii) 



3 benzene I O^H 2 — jj~0 V» 72 0.53 fl270 

1 0 2/50 [l240 



AlEt 3 (in) 



4 dioxane / 11 < 0^ ^3 1/50 92 0.90 1270 

* A 2/50 

CH 3 CH 3 



5 dioxane f AlEt 3 1/50 67 0.40 1268 

CH 3 

I (iv) 2/50 
. CH 3 COCH 2 .COO-CH— CsHs 



[AlEt 3 
DLCH 3 < 



(continued) solubility in 
formic acid 

2 insoluble (i) lithium-a-phenylethylate 

3 insoluble Qx) phenylbenzylketone 

4 insoluble (ill) N-dimemyl-a-phenylethylamine 

5 insoluble (iv) sec-butylacetoacetate 

Polymerization temperature 30 °C, Monomer concentration 5 wt. %, 
Polymerization period 24 hrs. 
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1 



Example 6 — 17 following conditions, and the results can be 5 

2.0 g of y-methyl-DL-glutamate N-carb- seen in the following table, 
oxyanhydride are polymerized under the 



Solubility 
in 



No. 


Initiator 


Initiator 
concn. 


Solvent 


Yield 

% 


Reduced dichloro- I.IL 
viscosity ethane spectra 


Hd 25 


6 


Oii 


1/70 


chloroform 


81 


1.23 hardly 
soluble 


620 cm" 


-l 


7 


n-BuLi 


1/50 




95 


0.67 soluble 


650 




8 


n-BuLi 


1/50 


33 


72 


1.08 hardly f 
soluble I 


620 


— 


( 


0 


2/50 






650 




9 


Zn-di-D-bornylate 


1/50 


dioxane 


91 


0.92 swelling j 


'620 
650 


+0.2 


10 


tri-n-butylamine 


1/50 


chloroform 


92 


1.31 soluble 


650 


— 




w Menthol 


1/50 
2/50 


chloroform 


85 


1.25 swelling 


620 




12 


A1(C 2 H 5 )H 
a-phenylethylalcohol 


1/50 
2/50 


53 


82 


1.31 swelling j 


'620 
w 650 


— 


" ( 


^Al(C 2 H 5 )(OCH3) 
w x-phenylethylalcohol 


1/50 
2/50 


33 


90 


1.20 swelling 


'620 
w 650 




14 


" diinethy lalurniniurn-- 

mpth vl m^rranlide 
UiCLuy mm uiyuuc 

^a-phenylethylalcohol 


1/50 
2/50 


3t3 


85 


1.09 swelling 


r 620 
L650 


— 


15 


^dimetliyldurninium- 
dimethylamide 

^oc-phenylethylalcohol 


1/50 
2/50 


33 


87 


1.10 swelling 


f620 
^650 




16 


^lithium aluminium 
hydride 

^sec-butylalcohol 


1/50 
2/50 


33 


86 


0.90 swelling 


'620 
,650 




17 


sec-butylborate 


2/50 


33 


62 


0.70 swelling 


620 





Polymerization temperature 35 °C, Polymerization time 20 hrs., 
Monomer concentration 5 wt. %. 
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Example for Comparison 
Poly-y-methyl-L-glutamate obtained from 
y-methyl-L-gJutamate N-carboxy anhydride 
using tri-n-butylamine as initiator is insoluble 
in dichloroethane and shows a strong adsorp- 
tion band at 620 cm"" 1 (attributed to a-heflx 
structure). 

Example 18 
20 g of y-methyl-DL-glutamate N-carboxy 
anhydride are dissolved in a mixture of 150 
of methylene chloride and 50 g of dioxane 
and the resultant solution is divided into two 



Experiment (A) 
One of the two parts of the above solution 
is added with 02 g of tri-n-butyl amine and 
is polymerized at 25°C. for 24 hours, and die 
transparent solution is spun into a mixture of 
acetone and methanol (1:1 voL) through a 
nozzle; there is obtained a white and fragile 



fibrous substance. This material cannot be 
streched and it is impossible to obtain a strong 
fibre. The viscosity of the solution of this 
polymer is 1.01. 

Experiment (B) 25 

The other part of the said solution is added 
with 0.1 g of alurninium triethyl and 10 g 
of D-camphor, and polymerized at 25°C. for 
24 hours. The product is spun through a 
nozzle into a mixture of acetone and methanol 30 
(1:1 vol.). This fibre can be stretched in a 
water bath and is stretched 150%, and there 
is obtained a fibre which is insoluble in carbon 
tetrachloride and O-dichloro benzene. This 
filament exhibits a tenacity of 1.2 g/denir and 35 
an elongation of 22% and shows orientation. 
Examples 19—23 

Similar experiments are carried out using 
,0-methyl-DL-aspartate N-carboxy anhydride 
and the following results are obtained. 40 



No. 


Initiator 


Initiator/ 
monomer 
in mole 


Solvent 


Yield 

% 


Mo 


m.p. 


Solubility 


13 


n-Bu 3 N 


1/80 


f dioxane 1 
^chloroform 6 


72 




181—182 


Soluble in 
chloroform 


14 


fAffit 3 
J-NIchotine 


1/50 
2/50 


» 


42 


-10.5 


279 


Slightly 
soluble in 
chloroform 


15 


'ZnELj 

DL-methyl 
aspartate 


1/50 
2/50 




62 




260 




16 


Alurninium-tri- 
adive-amylate 


1/50 




50 




200 


35 



Polymerization temperature 50 °C, Polymerization time 48 hrs., 
Monomer concentration 5 wt %. 



45 



50 



Example 24 
5.0 g of DL-,ff-phenylalanine N-carboxy 
anhydride dissolved in 20 ml of dioxane are 
added with 0.05 g of aluminium triethyl and 
DL - N,N - dimethyl jff - phenylalanyi - N,N- 
dimethylarnide, mixed, and then polymerized 
at 30°C. for 24 hours, and subsequently 
treated with diethylether, acidic methanol 
hydrochloric acid, and then methanol. There 
is obtained poly-3>L-phenylalanine which is 
insoluble in dioxane. Poly-DLqS'-phenyl- 
alanine similarly produced using n-butyl amine 
as initiator is soluble in dioxane, but on the 



other hand poly-L-phenylalanine produced 
from ^phenylalanine N-carboxy anhydride is 
insoluble. 

Examples 25—28 
5 g of DL-methionine N-carboxy anhydride 
are dissolved in 20 ml of dioxane and poly- 
merized using the following initiator at 35°C. 
for 40 hours. Polymethionine thus obtained is 
dissolved in m-cresol and cast to a film by 
evaporation. The film exhibits a higher tensile 
strength than the film obtained by using as 
initiator tri-n-butyl amine. The results are 
shown in the following table. 



55 



60 



65 



1,024,3*3 
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No. 


Initiator 




Yield 

% 


7)Sp/C 


Tensile 
strength 


Elongation 


25 


fAl(C 2 H 5 ) 3 
(^Camphor 


O.lg 
2.1 


64 


0.60 


22 I^/mm 2 


30% 


26 


fAl(C 2 H 5 ) 3 


0.1 


62 


0.52 


20 


32 




[Menthol (+) 2.0 










27 


[sec-buthanol 


0.1 
2.0 


42 


0.45 


17 


35 


28 


tri-n-butyl- 
amine 


0.1 


90 


0.62 


12 


10 



WHAT WE CLAIM IS: — 
L A method of producing polyamino acids 
which comprises polymerizing N-carboxy-DL- 
5 q-amino acid anhydrides containing at least 
one asymmetric carbon atom using as the 
catalyst an organometallic compound which 
contains an asymmetric carbon atom, of a 
metal of Groups I, II or m of the Periodic 
10 Table. 

2. A method of producing polyamino acids 
which comprises polymerizing N-carboxy-DL- 
o-amino acid anhydrides containing at least 
one asymmetric carbon atom using as the 

15 catalyst an organometallic compound of a 
metals of Groups I, II or III of the Periodic 
Table, in the presence of an organic compound 
containing both an asymmetric carbon atom 
and an active hydrogen atom (which includes 

20 enolizable hydrogen). 

3. A method of producing polyamino acids 
according to Claim 2 in which the organic 
compound having 'both an asymmetric carbon 



atom and an active hydrogen is optically 
active. 25 

4. A method of producing polyamino acids 
according to Claim 1 or Claim 2 or Claim 3 
in which the organometallic compound is 
optically active. 

5. A method according to Claim 3 or Qaim 30 
4 for obtaining optically active polyairrino 
acids from NK^boxy-DL^ainino acid anhy- 
drides. 

6. A method of producing polyamino acids 

as claimed in Qaim 1 or Qaim 2 and sub- 35 
stantially as described in any of the Examples. 

7. Optically active and optically inactive 
polyamino acids produced according to any of 
the preceding claims. 

8. Moulded products made from polyamino 40 
acids as claimed in Claim 7. 

KELBURN & STRODE, 
Chartered Patent Agents, 
Agents for the Applicants. 
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